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(57) A work pallet (3) has an under surface opened 
to provide a positioning hole (12). The positioning hole 
(12) has an upper wall which supports a pull rod (13) 
diametrically movably. A clamp pallet (2) projects an an- 
nular plug portion (21), onto which a shuttle member 
(23) is externally fitted. The shuttle member (23) makes 
a tapering engagement with the positioning hole (12). 



The plug portion (21) has a cylindrical hole (21a), into 
which a transmission sleeve (31) is inserted. The trans- 
mission sleeve (31) supports an engaging ball (34), 
which engages with an engaged portion (13b) of the pull 
rod (1 3). Defined betwieen the cylindrical hole (21 a) and 
an outer peripheral surface (31b) of the transmission 
sleeve (31 ) is a flow passage (43) through which clean- 
ing compressed air passes. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present invention relates to a clamping ap- 
paratus with a datum function and more particularly to 
an apparatus for accurately aligning a work pallet or the 
like movable member with a reference member such as 
a table of a machining center and fixing it thereto in such 
an accurately aligned state. 

Explanation of Related Art 

[0002] There is a conventional example of the clamp- 
ing apparatus of this kind disclosed in Japanese Patent 
Public Disclosure No. 1 1 -1 0468. The conventional tech- 
nique is constructed as follows. 

[0003] A reference member has a supporting surface 
formed with a fitting straight hole. A retracting nipple 
fixed to a movable member has a flange fitted into the 
straight hole. Thus the straight hole has an axis made 
coincident with an axis of the nipple. Thereafter, the re- 
tracting nipple is pulled, thereby fixing the movable 
member to the reference member. 
[0004] However, the conventional technique has the 
following problem. 

[0005] In order to smoothly attach the movable mem- 
ber to the reference member it is required to provide a 
diametrical fitting gap between the fitting straight hole 
and the flange. The existence of the fitting gap decreas- 
es the aligning accuracy of the both members. 

SUMMARY OF THE INVENTION 

[0006] The present invention aims at making it possi- 
ble to smoothly attach the movable member to the ref- 
erence member and to accurately align the both mem- 
bers with each other 

[0007] In order to accomplish the above aim. the 
present invention has constructed a clamping apparatus 
in the following manner, for example, as shown in Figs. 
1 to 3 or in Fig. 4. 

[0008] The clamping apparatus aligns a movable 
member (M) with a reference member (R) and fixes a 
supported surface (T) of the movable member (M) to a 
supporting surface (S) of the reference member (R). The 
supported surface (T) of the movable member (M) is 
opened to provide a positioning hole 12, within which 
the movable member (M) is provided with a pull rod 13 
substantially coaxially with the positioning hole 12. The 
reference member (R) projects an annular plug portion 
21 which is inserted into an annular space defined be- 
tween the positioning hole 12 and the pull rod 13. Ar- 
ranged between the plug portion 21 and the positioning 
hole 12 is a shuttle member 23 which diametrically ex- 
pands and contracts. The shuttle member 23 is support- 



ed by one of the plug portion 21 and the positioning hole 
12 axially movably within a predetermined range and is 
able to make a tapering engagement with the other The 
shuttle member 23 has a tapered surface 28 which is 
5 formed so that it narrows toward an inner portion of the 
positioning hole 12. The shuttle member 23 is urged by 
a resilient member 24 In such a direction that the taper- 
ing engagement is made tightly. The plug portion 21 has 
a cylindrical hole 21a, into which a transmission sleeve 
10 31 is axially movably inserted. The transmission sleeve 
31 has a cylindrical hole 31a which can receive an en- 
gaged portion 13b of the pull rod 13. The engaged por- 
tion 13b engages with and disengages from an engag- 
ing member 34, which is supported by the transmission 
^5 sleeve 31 . The reference member (R) is provided with 
a supply port 41 for cleaning fluid. A flow passage 43, 
45 is fomned In at least one of a space defined between 
the cylindrical hole 21a of the plug portion 21 and an 
outer peripheral surface 31b of the transmission sleeve 
20 31, and a space inside the cylindrical hole 31a of the 
transmission sleeve 31 . The flow passage 43, 45 com- 
municates with the supply port 41 . 
[0009] The present invention operates, for example, 
in the following manner. 
25 [0010] When clamping the movable member to the 
reference member first, the movable member automat- 
ically makes an aligning movement owing to a guiding 
action of the tapered surface of the shuttle member. 
Then the positioning hole of the movable member has 
30 its axis made accurately coincident with an axis of the 
plug portion of the reference member Next, the shuttle 
member compresses the resilient member and it moves 
axially. The movable member has its supported surface 
received by the supporting surface of the reference 
35 member and the shuttle member is closely attached to 
the positioning hole and the plug portion. Thus the mov- 
able member is constrained via the shuttle member by 
the plug portion as well as by the supporting surface. As 
a result, the transmission sleeve pulls the movable 
40 member through the engaging member and the pull rod, 
thereby allowing the movable member to be precisely 
and strongly positioned and fixed to the reference mem- 
ber. 

[0011] According to the present Invention, the tapered 
45 surface of the shuttle member can make an aligning 
guide of the movable member, so that the movable 
member can be smoothly attached to the reference 
member. Further, differently from the above-mentioned 
prior art, the present invention can remove the diamet- 
50 rical fitting gap defined between the members to be con- 
nected. This makes it possible to align the reference 
member with the movable member with a high accuracy. 
Besides, cleaning fluid discharged from the foregoing 
flow passage can clean an engaging gap and a contact 
55 gap formed between the reference member and the 
movable member, which results in the possibility of pre- 
venting a misengagement between the both members. 
[0012] The present invention includes the following 



2 



BNSDOCID <EP 1264558A2.I. > 



3 



EP 1 264 658 A2 



4 



clamping apparatus. 

[0013] For instance, as shown in Figs. 1 to 3, the shut- 
tle nnennber 23 has an inner peripheral surface formed 
by a straight surface 27 and has an outer peripheral sur- 
face defined by the tapered surface 28. The straight sur- 
face 27 is supported by the plug portion 21 axially mov- 
ably. The tapered surface 28 makes a tapering engage- 
ment with the positioning hole 1 2. On an outer periphery 
of the plug portion 21, the reference member (R) is 
formed with an annular attaching groove 29. into which 
the resilient member 24 is inserted and the shuttle mem- 
ber 23 has its base portion fitted. 

[0014] According to this invention, the reference 
member Is equipped with the shuttle member There- 
fore, in the case where a number of movable members 
are attached to and detached from one reference mem- 
ber, the equipped shuttle members are reduced in 
number to result in the possibility of forming a clamping 
system simply. In addition, the resilient member is in- 
serted into the attaching groove and the shuttle member 
has its base portion fitted thereinto. This can prevent 
chips or the like foreign matters from invading the at- 
taching groove. Accordingly, the shuttle member can 
smoothly operate over a long period of time. 
[001 5] The present invention further includes the fol- 
lowing clamping apparatus. 

[001 6] The supply port 41 for cleaning fluid communi- 
cates with the attaching groove 29. According to this in- 
vention, even if chips or the like foreign matters have 
invaded the attaching groove, the cleaning fluid can 
clean out the foreign matters. Therefore, the shuttle 
member can smoothly operate over a longer period of 
time. 

[0017] The present invention still further includes the 
following clamping apparatus. 

[0018] For example, as shown in Fig. 2, when driving 
the transmission sleeve 31 for unclamping, a leading 
end of the transmission sleeve 31 pushes at least one 
of the pull rod 13 and a top wall 12a of the positioning 
hole 12. This forms an engaging gap ( a ) on the tapered 
surface 28 of the shuttle member 23 and defines a con- 
tact gap ( p ) between the supporting surface (S) and 
the supported surface (T). This invention can offer an 
advantage that the movable member can be easily re- 
moved from the reference member owing to the exist- 
ence of the engaging gap and the contact gap. 
[0019] The present invention also includes the follow- 
ing clamping apparatus. 

[0020] The pull rod 13 is supported by the movable 
member (M) diametrically movably within a predeter- 
mined range. In this case, when attaching the movable 
member to the reference member, even if the axis of the 
plug portion somewhat misaligns with the axis of the po- 
sitioning hole, this misalignment can be absorbed by a 
diametrical movement of the pull rod made through an 
insertion resistance produced when the pull rod is in- 
serted into the cylindrical hole of the transmission 
sleeve. This enables the pull rod to be smoothly inserted 



into the cylindrical hole of the transmission sleeve. As a 
result, the tapered surface of the shuttle member can 
smoothly make the aligning guide of the movable mem- 
ber. 

5 [0021 ] Moreover, in order to accomplish the above ob- 
ject, the present invention has constructed a clamping 
apparatus in the following manner, for example, as 
shown in Figs. 1 to 3 or in Fig. 4. 
[0022] The clamping apparatus aligns a movable 

10 member (M) with a reference member (R) and fixes a 
supported surface (T) of the movable member (M) to a 
supporting surface (S) of the reference member (R). The 
supported surface (T) of the movable member (M) is 
opened to provide a positioning hole 12, within which a 

15 pull rod 13 is supported by the movable member (M) 
diametrically movably within a predetermined range. 
The reference member (R) projects an annular plug por- 
tion 21 which is inserted into an annular space defined 
between the positioning hole 1 2 and the pull rod 1 3. Ar- 

20 ranged between the plug portion 21 and the positioning 
hole 12 is a shuttle member 23 which diametrically ex- 
pands and contracts. This shuttle member 23 is support- 
ed by one of the plug portion 21 and the positioning hole 
12 axially movably within a predetermined range and 

25 can make a tapering engagement with the other. The 
shuttle member 23 has a tapered surface 28 which is 
formed so that it narrows toward an inner portion of the 
positioning hole 12. The shuttle member 23 is urged by 
a resilient member 24 in such a direction that the taper- 

30 ing engagement is made tightly. The plug portion 21 has 
a cylindrical hole 21a into which a transmission sleeve 
31 is axially movably inserted. The transmission sleeve 
31 has a cylindrical hole 31a which can receive an en- 
gaged portion 13b of the pull rod 13. The engaged por- 

35 tion 13b engages with and disengages from an engag- 
ing member 34, which is supported by the transmission 
sleeve 31 . 

[0023] The foregoing invention operates, for example, 
in the following manner. 
40 [0024] When clamping the movable member to the 
reference member, even if the axis of the plug portion 
somewhat misaligns with the axis of the positioning 
hole, this misalignment can be absorbed by the diamet- 
rical movement of the pull rod made through the inser- 
ts tion resistance produced when the pull rod is inserted 
into the cylindrical hole of the transmission sleeve. This 
enables the pull rod to be smoothly inserted into the cy- 
lindrical hole of the transmission sleeve. Next, the mov- 
able member automatically makes the aligning move- 
so ment owing to the guiding action of the tapered surface 
of the shuttle member. Thus the positioning hole of the 
movable member has its axis made precisely coincident 
with the axis of the plug portion of the reference member. 
Subsequently, the shuttle member compresses the re- 
55 silient member and it moves axially. The movable mem- 
ber has its supported surface received by the supporting 
surface of the reference member and the shuttle mem- 
ber is closely attached to the positioning hole and the 
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plug portion. This constrains the movRblR member via 
the shuttle member by the plug portion as well as by the 
supporting surface. As a result, the transmission sleeve 
pulls the movable member through the engaging mem- 
ber and the pull rod, thereby allowing the movable mem- 
ber to be precisely and strongly positioned and fixed to 
the reference member 

[0025] According to the foregoing Invention, the dia- 
metrical movement of the pull rod absorbs the misalign- 
nnent and the tapered surface of the shuttle member can 
make the aligning guide of the movable member. There- 
fore, the movable member can be smoothly attached to 
the reference member. Further, differently from the prior 
art, the present invention can rid the diametrical fitting 
gap between the members to be connected, which re- 
sults in the possibility of aligning the reference member 
with the movable member with a high accuracy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] 

Figs. 1 to 3 show a first embodiment of the present 
invention; 

Fig. 1 is a sectional view in elevation of a clamping 
apparatus in a state where its movable member 
starts an attachment to its reference member: 
Fig. 2 shows a state when the movable member has 
completed the attachment to the reference member 
and is a view similar to Fig. 1 ; 
Fig. 3 shows a state where the movable member 
has been fixed to the reference member and is a 
view similar to Fig. 1 ; and 

Fig. 4 shows a second embodiment of the clamping 
apparatus and is a view similar to Fig. 3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] Figs. 1 to 3 show a first embodiment of the 
present Invention. First, explanation is given for a struc- 
ture of a clamping apparatus according to the present 
invention by resorting to Fig. 1 . 

[0028] A table 1 of a machining center has an upper 
surface to which a clamp pallet 2 of a reference member 
(R) is fixed. A work pallet 3 of a movable member (M) is 
fixed to the clamp pallet 2 through a plurality of clamping 
apparatuses 4 each having a datum function. Here, only 
one of the clamping apparatuses 4 is illustrated. Be- 
sides, the work pallet 3 has an upper surface which a 
plurality of workpieces can be attached to and detached 
from through a large number of work clamps, although 
not shown. 

[0029] The clamping apparatus 4 comprises a datum 
clamp 5 fixed to the clamp pallet 2 through a plurality of 
bolts (not shown) and a datum ring 6 fixed to the work 
pallet 3 through a plurality of bolts (not shown). 
[0030] The datum ring 6 has an under surface formed 



with a supported surface (T). The supported surface (T) 
is opened to provide a socket bore 11 . The socket bore 
11 has a lower half portion formed with a tapered posi- 
tioning hole 12 so that it narrows upwards. 
5 [0031 J Further, a pull rod 1 3 is arranged within the po- 
sitioning hole 12. The pull rod 13 is arranged substan- 
tially coaxially with the positioning hole 12 and is sup- 
ported by the work pallet 3 diametrically movably within 
a predetermined range. More specifically, the datum 
10 ring 6 has an upper surface fonned with an accommo- 
dating groove 14 circular when seen in plan. The pull 
rod 1 3 has an upper portion provided with a larger-di- 
ameter portion 13a, which is inserted into the accom- 
modating groove 14 with a predetermined gap diamet- 
'5 ricaliy interposed therebetween. The larger-diameter 
portion 13a has an under surface with which a flange 
portion 6a of the datum ring 6 is brought into a light con- 
tact. 

[0032] The datum clamp 5 comprises a cover block 
20 1 6 fixed to the clamp pallet 2, a piston 1 7 hermetically 
inserted Into a space defined between the cover block 
16 and the clamp pallet 2, a hydraulic chamber 18 
formed below the piston 17, and a clamp spring 19 at- 
tached between the piston 17 and the cover block 16. 
^5 Here, the clamp spring 19 is fonned from a plurality of 
coned disk springs vertically overiald one on another, 
but it may be a compression coil spring. 
[0033] A driving means (D) of the clamping apparatus 
4 is composed of the piston 17, the hydraulic chamber 

30 18 and the clamp spring 1 9. 

[0034] The cover bock 16 projects an annular plug 
portion 21 upwards from its mid portion. The plug portion 
21 is inserted into the positioning hole 12. The cover 
block 1 6 projects itself upwards a little at a lower portion 

35 and on an outer periphery of the plug portion 21 to form 
an annular projection. The annular projection has an up- 
per surface which defines a supporting surface (S). 
[0035] An annular shuttle member 23 is externally fit- 
ted onto the plug portion 21 . The shuttle member 23 is 

40 urged upwards by three coned disk springs (resilient 
member) 24 and is received by a snap ring 25. 
[0036] More specifically, the annular shuttle member 
23 has an inner peripheral surface fonned by a straight 
surface 27 and an outer peripheral surface defined by 

45 a tapered surface 28. The shuttle member 23 has an 
annular wall provided with a slit or has the inner periph- 
eral surface provided with a groove (either of which is 
not shown), thereby allowing the tapered surface 28 and 
the straight surface 27 to diametrically expand and con- 

50 tract. Further, the straight surface 27 is supported by an 
outer peripheral surface of the plug portion 21 axially 
movably. The tapered surface 28 is fonned so that it nar- 
rows upwards in order to make a tapering engagement 
with the tapered positioning hole 12. Besides, on the 

55 outer periphery of the plug portion 21 , the cover block 
16 is formed with an annular attaching groove 29. The 
coned disk springs 24 are inserted into the attaching 
groove 29 and the shuttle member 23 has Its lower por- 
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tion fitted thereinto. 

[0037] The plug portion 21 has a cylindrical hole 21a 
into which a transmission sleeve 31 is axially movably 
inserted. The transmission sleeve 31 is formed with a 
plurality of through holes 33 spaced peripherally at a 
predetermined interval. The respective through holes 33 
support engaging balls (engaging members) 34 so that 
they can move between a radially inward engaging po- 
sition (X) (see a right half view in Fig. 1) and a radially 
outward disengaging position (Y) (see a left half view in 
Fig. 1). 

[0038] The cylindrical hole 21a of the plug portion 21 
has a retreating groove 36 and a slant pushing surface 

37 vertically continued with each other, in correspond- 
ence with the respective balls 34. 

[0039] The transmission sleeve 31 has a cylindrical 
hole 31a into which a closure member 38 is vertically 
movably inserted. An advance spring 40 is attached be- 
tween the closure member 38 and a spring retainer 39. 
The advance spring 40 pushes the closure member 38 
upwards. The closure member 38 has a lower end re- 
ceived by a shoulder portion of the cylindrical hole 31a. 
This positions an upper end surface of the closure mem- 
ber 38 at substantially the same height as that of an up- 
per end surface of the transmission sleeve 31 . 
[0040] In addition, there is provided a means which 
cleans fitting surfaces of the clamping apparatus 4. 
[0041] More specifically the clamp pallet 2 is provided 
with a supply port 41 forcompressed air (cleaning fluid) 
Further, defined between the cylindrical hole 21 a of the 
plug portion 21 and an outer peripheral surface 31b of 
the transmission sleeve 31 is a first flow passage 43. 
This first flow passage 43 communicates with the supply 
port 41 through a communication hole 44. Further, 
fomned between the cylindrical hole 31 a of the transmis- 
sion sleeve 31 and an outer peripheral surface of the 
closure member 38 is a second flow passage 45. This 
second flow passage 45 communicates with the com- 
munication hole 44 via a through hole 31c of the trans- 
mission sleeve 31 . Besides, the communication hole 44 
has a halfway portion communicated with the attaching 
groove 29 as well. 

[0042] The clamping apparatus 4 operates in the fol- 
lowing manner as shown in Figs. 1 to 3. 
[0043] Fig. 1 shows a state where the work pallet 3 
starts Its attachment to the clamp pallet 2. Fig. 2 shows 
a slate when the work pallet 3 has completed its attach- 
ment to the clamp pallet 2. Fig. 3 shows a state where 
the work pallet 3 has been fixed to the clamp pallet 2. 
[0044] In the state of Fig. 1 , pressurized oil is supplied 
to the hydraulic chamber 1 8 via a pressurized oil supply 
and discharge passage 48. Thus the piston 17 raises 
the transmission sleeve 31 against the clamp spring 19 
with oil pressure of the hydraulic chamber 18, thereby 
allowing each of the balls 34 to face the retreating 
groove 36 in a free condition. Here, the closure member 

38 is raised by the advance spring 40. Every ball 34 is 
freely movable between the disengaging position (Y) 



and the engaging position (X). Further, the shuttle mem- 
ber 23 is retained at a raised position by the coned disk 
springs 24. 

[0045] And as shown in Fig. 1, when the work pallet 

5 3 starts descending with respect to the clamp pallet 2, 
compressed air for cleaning is supplied to the supply 
port 41 . Then while the compressed air passes through 
the first flow passage 43. it cleans the slant pushing sur- 
face 37 and the engaging balls 34. Next, the com- 

10 pressed air is vigorously discharged from an upper end 
of the first flow passage 43 and the discharged com- 
pressed air cleans the engaged portion 13b of the pull 
rod 13 as well as a top surface and a peripheral surface 
of the socket bore 11. Subsequently, it cleans the ta- 

'5 pered surface 28 of the shuttle member 23 and then is 
horizontally discharged. Further, compressed air is sup- 
plied to the second flow passage 45 consisting of the 
fitting gap. It cleans the fitting gap and the engaging 
balls 34 and then is discharged from an upper end of 

20 the second flow passage 45. The discharged com- 
pressed air cleans a lower peripheral surface of the en- 
gaged portion 13b, Additionally, compressed air is sup- 
plied to the attaching groove 29. It cleans a fitting gap 
of the straight surface 27 of the shuttle member 23 and 

5*5 a fitting gap at a lower portion of the tapered surface 28 
and then is discharged to an exterior area. 
[0046] When the work pallet 3 further descends, the 
pull rod 13 invades the cylindrical hole 31a of the trans- 
mission sleeve 31 to lower the closure member 38 and 

30 the tapered positioning hole 12 is guided by the tapered 
surface 28 of the shuttle member 23. Subsequently, as 
shown in Fig. 2, the pull rod 1 3 has a flange portion 1 3c. 
which is provided at its halfway portion, brought into con- 
tact with the upper end surface of the transmission 

35 sleeve 31 . And the transmission sleeve 31 receives the 
work pallet 3. In this receiving state, there is defined an 
engaging gap (a) between the tapered surface 28 of the 
shuttle member 23 and the tapered positioning hole 1 2. 
At the same time, there is formed a contact gap (p) be- 

40 tween the supporting surface (S) and the supported sur- 
face (T). In this state, the compressed air discharged 
from the upper end of the first flow passage 43 vigor- 
ously cleans the engaging gap ( a ) and the contact gap 
( p ) and then is discharged to the exterior area. 

45 [0047] In a state shown by Fig. 2, when the pressu- 
rized oil of the hydraulic chamber 1 8 is discharged from 
the supply and discharge passage 48, the clamp spring 
19 strongly lowers the transmission sleeve 31 through 
the piston 17. Then, first, following the descent of the 

50 transmission sleeve 31 , the work pallet 3 is moving 
down due to its own weight. The tapered positioning 
hole 12 is brought into contact with the tapered surface 
28 of the shuttle member 23. This enables the work pal- 
let 3 to slightly compress the coned disk springs 24 

55 through the shuttle member 23 and makes an aligning 
movement of the tapered positioning hole 1 2 to have its 
axis made coincident with the axis of the plug portion 2 1 . 
[0048] Substantially at the same time, as shown in 
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Fig. 3, the pushing surface 37 of the plug portion 21 
pushes every ball 34 to the engaging position (X) and 
the pushing force strongly lowers the work pallet 3 
through the pull rod 13. Then the tapered positioning 
hole 12 makes a strong tapering engagement with the 
tapered surface 28 of the shuttle member 23 and it 
moves while aligning. Then the tapered positioning hole 
12 has its axis made precisely coincident with the axis 
of the plug portion 21. The shuttle member 23 further 
descends against the coned disk springs 24 and the 
supported surface (T) is received by the supporting sur- 
face (S). This allows the work pallet 3 to be horizontally 
constrained by the plug portion 21 through the shuttle 
member 23 which the tapered positioning hole 12 has 
diannetrically contracted, and to be vertically con- 
strained by the supporting surface (S). As a result, the 
work pallet 3 is accurately and strongly positioned and 
ixed to the clamp pallet 2. 

[0049] In the above case, the pushing surface 37 is 
slanted as illustrated. Therefore, a driving force of the 
transmission sleeve 31 can be multiplicably converted 
and transmitted to the pull rod 1 3. This makes it possible 
to strongly lower the work pallet 3. 
[0050] After the clamping has been finished as shown 
in Fig. 3, the contact gap ((3) shown in Fig. 2 disappears. 
This hermetically seals a portion between the support- 
ing surface (S) and the supported surface (T) to thereby 
remove a way through which the compressed air for 
cleaning escapes, with the result of increasing a pres- 
sure at the supply port 41 . This pressure increase is de- 
tected by a pressure switch (not shown), thereby making 
it possible to automatically confirm the completion of the 
clamping. 

[0051] When switching over the clamping apparatus 
from the clamping condition shown in Fig. 3 to the un- 
clamping condition shown in Fig. 2, it is sufficient if pres- 
surized oil is supplied to the hydraulic chamber 1 8 under 
the condition of Fig. 3. Then, as shown in Fig. 2, the oil 
pressure of the hydraulic chamber 18 enables the piston 
1 7 to raise the transmission sleeve 31 . This allows each 
of the balls 34 to face the retreating groove 36 and 
switch over to the disengaging position (Y). (Fig. 2 
shows it has already switched over) And the transmis- 
sion sleeve 31 is brought into contact with the flange 
portion 13c of the pull rod 13 to push up the work pallet 
3. Thus, as shown in Fig. 2, the engaging gap ( a ) is 
formed on the shuttle member 23 and the contact gap 
( P ) is defined on the supporting surface (S). This ena- 
bles the work pallet 3 to be easily removed from the 
clamp pallet 2. 

[0052] Fig. 4 shows a second embodiment of the 
present invention and is similar to Fig. 3. In this second 
embodiment, the same constituent members as those 
of the first embodiment are, in principle, designated by 
the same characters. And explanation is given only for 
a structure different from that of the first embodiment 
[0053] The work pallet 3 is provided with the position- 
ing hole 12. which is fonned straight. The straight posi- 



tioning hole 12 vertically movably supports the straight 
surface 27 on the outer periphery of the shuttle member 
23. A plurality of coned disk sphngs (resilient member) 
24 urge the shuttle member 23 downwards. The shuttle 

5 member 23 Is inhibited from moving down by the snap 
ring 25 fitted into the lower portion of the positioning hole 
1 2. The shuttle member 23 has its inner peripheral sur- 
face formed with the tapered surface 28, which makes 
a tapering engagement with the outer peripheral surface 

10 of the plug portion 21 . The tapered surface 28 is formed 
so that it narrows upwards. 

[0054] The foregoing respective embodiments can be 
modified as follows. 

[0O55] The shuttle member 23 of the clamping appa- 
15 ratus is not limited to the exemplified annular body, but 
it may be fonned from a plurality of divided segments 
arranged annularly. The shuttle member 23 may be 
pushed by a resilient member of a compression coil 
spring or the like springs of other kinds instead of the 
20 exemplified coned disk spnng 24. Additionally, it may 
consist of rubber or the like. 

[0056] Further as for the engaging member 34 of the 

clamping apparatus, a hook, a collet or the like may be 
employed instead of the exemplified ball. The clamping 
^5 apparatus can be driven for clamping by a fluid pressure 
such as an oil pressure and an air pressure instead of 
the spring force. 

[0057] When unclamping the clamping apparatus, the 
transmission sleeve 31 has its upper end surface 

30 brought into contact with the flange portion 13c of the 
pull rod 13 to raise the work pallet 3. Instead, the trans- 
mission sleeve 31 may have its upper end surface 
brought into contact with the top wall 12a of the posi- 
tioning hole 12 (top wall of the socket bore 11). And the 

35 pull rod 13 may be fixed to the work pallet 3 instead of 
being supported by the work pallet 3 diametrically mov- 
ably. 

[0058] The reference member (R) may be tables of 
the machining center or various sorts of machines in- 

40 stead of the exemplified clamp pallet 2. Further the 
movable member (M) may be a workpiece instead of the 
exemplified work pallet 3. The reference member (R) 
and the movable member (M) may be arranged in a ver- 
tically reversed manner Besides, they may be connect- 

45 ed to each other horizontally or obliquely Instead of ver- 
tically as exemplified. 

[0059] A clamping apparatus with a datum function 
according to the present invention is not limited to the 
use of clamping the work pallet and the workpiece. but 
50 it is a matter of course that it can be utilized for clamping 
a metal die, an attachment orthe (Ike. The clamping ap- 
paratus with the datum function may be utilized not only 
in plural sets but also in a single set. 
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Claims 

1. A clamping apparatus with a datum function align- 
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ing a movable member (M) with a reference mem- 
ber (R) to have a supported surface (T) of the mov- 
able member (M) fixed to a supporting surface (S) 
of the reference member (R), the clamping appara- 
tus comprising: 5 

a positioning hole (12) provided by opening the 
supported surface (T) of the movable member 
(M); 

a pull rod (1 3) having an engaged portion (1 3b) io 
and being connected to the movable member 
(M) substantially coaxially with the positioning 
hole (12) within the positioning hole (12); 
an annular plug portion (21 ) having a cylindrical 
hole (21a) and projecting from the reference '5 
member (R) so that It Is Inserted into an annular 
space defined between the positioning hole 
(12) and the pull rod (13); 
a shuttle member (23) which has a tapered sur- 
face (28) being arranged between the plug por- 20 
tion (21) and the positioning hole (12), and di- 
ametrically expanding and contracting, the 
shuttle member (23) being supported by one of 
the plug portion (21) and the positioning hole 
(12) axially movably within a predetermined 25 
range and making a tapering engagement with 
the other, the tapered surface (28) for the ta- 
pering engagement being formed so that it nar- 
rows toward an inner portion of the positioning 
hole (12); 30 
a resilient member (24) urging the shuttle mem- 
ber (23) in such a direction that the tapering en- 
gagement Is made tightly; 
a transmission sleeve (31) having a cylindrical 
hole (31a) and an outer peripheral surface 35 
(31b), and being axially movably inserted into 
the cylindrical hole (21a) of the plug portion 
(21), the cylindrical hole (31 a) of the transmis- 
sion sleeve (31) receiving the engaged portion 
(13b) of the pull rod (13); 40 
an engaging member (34) supported by the 
transmission sleeve (31 ) so that it engages with 
and disengages from the engaged portion 
(13b); 

a supply port (41 ) for cleaning fluid provided in 45 
the reference member (R); and 
a flow passage (43, 45) formed in at least one 
of a space defined between the cylindrical hole 
(21a) of the plug portion (21) and the outer pe- 
ripheral surface (31b) of the transmission so 
sleeve (31), and a space inside the cylindrical 
hole (31a) of the transmission sleeve (31), the 
flow passage (43, 45) communicating witfi the 
supply port (41). 
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2. The clamping apparatus as set forth in claim 1, 
wherein the shuttle member (23) has an inner pe- 
ripheral surface, an outer peripheral surface and a 



base portion, the inner peripheral surface being 
formed by a straight surface (27) and the outer pe- 
ripheral surface being defined by the tapered sur- 
face (28). the straight surface (27) being axially 
movably supported by the plug portion (21 ). the ta- 
pered surface (28) making a tapering engagement 
with the positioning hole (12), an annular attaching 
groove (29) being formed in the reference member 
(R) on an outer periphery of the plug portion (21). 
the resilient member (24) being inserted into the at- 
taching groove (29) and the shuttle member (23) 
having the base portion fitted thereinto. 

3. The clamping apparatus as set forth in claim 2, 
wherein the supply port (41) for cleaning fluid com- 
municates with the attaching groove (29). 

4. The clamping apparatus as set forth in any one of 
claims 1 to 3, wherein the transmission sleeve (31) 
has a leading end and the positioning hole (1 2) has 
a top wall (12a), when driving the transmission 
sleeve (31) for unclamping, the leading end of the 
transmission sleeve (31 ) pushing at least one of the 
pull rod (13) and the top wall (12a) of the positioning 
hole (12) to thereby form an engaging gap (a) on 
the tapered surface (28) of the shuttle member (23) 
and define a contact gap ( p ) between the support- 
ing surface (S) and the supported surface (T). 

5. The clamping apparatus as set forth in any one of 
claims 1 to 4, wherein the movable member (M) 
supports the pull rod (13) diametrically movably 
within a predetenmined range. 

6. A clamping apparatus with a datum function align- 
ing a movable member (M) with a reference mem- 
ber (R) to have a supported surface (T) of the mov- 
able member (M) fixed to a supporting surface (S) 
of the reference member (R), the clamping appara- 
tus comprising: 

a positioning hole (12) provided by opening the 
supported surface (T) of the movable member 

(M); 

a pull rod (13) having an engaged portion (13b) 
and being supported by the movable member 
(M) diametrically movably within a predeter- 
mined range within the positioning hole (12); 
an annular plug portion (21) having a cylindrical 
hole (21a) and projecting from the reference 
member (R) so that it is inserted into an annular 
space defined between the positioning hole 
(12) and the pull rod (13); 
a shuttle member (23) which has a tapered sur- 
face (28) being arranged between the plug por- 
tion (21) and the positioning hole (12), and di- 
ametrically expanding and contracting, the 
shuttle member (23) being supported by one of 
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the plug portion (21) and the positioning hole 
(12) axiady movably within a predetermined 
range and nnaking a tapering engagement with 
the other, the tapered surface (28) for the ta> 
paring engagement being formed so that it nar- 5 
rows toward an inner portion of the positioning 
hole (12); 

a resilient member (24) urging the shuttle mem- 
ber (23) in such a direction that the tapering en- 
gagement is made tightly; io 
a transmission sleeve (31) having a cylindrical 
hole (31a) and being axially movably inserted 
into the cylindrical hole (21 a) of the plug portion 
(21), the cylindrical hole (31a) of the transmis- 
sion sleeve (31 ) receiving the engaged portion is 
(1 3b) of the pull rod (1 3); and 
an engaging member (34) supported by the 
transmission sleeve (31 ) so that it engages with 
and disengages from the engaged portion 
(13b). 20 



25 



30 



35 



40 



45 
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(57) A work pallet (3) has an under surface opened 
to provide a positioning hole (12). The positioning hole 
(12) has an upper wall which supports a pull rod (13) 
diametrically movably. A clamp pallet (2) projects an an- 
nular plug portion (21), onto which a shuttle member 
(23) is externally fitted. The shuttle member (23) makes 
a tapering engagement with the positioning hole (12). 
The plug portion (21) has a cylindrical hole (21a), into 
which a transmission sleeve (31 ) is inserted. The trans- 
mission sleeve (31) supports an engaging ball (34), 
which engages with an engaged portion (1 3b) of the pull 
rod (13). Defined between the cylindrical hole (21a) and 
an outer peripheral surface (31b) of the transmission 
sleeve (31 ) is a flow passage (43) through which clean- 
ing compressed air passes. 
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